Treatment adherence is a major concern in cystic fibrosis (CF), with accumulating evidence that health outcomes are worse in patients with lower levels of adherence. This study investigates how adherence differs for adults with CF during a weekday and a weekend day by examining the roles of sex, anxiety, depression, and lung function as predictors of adherence.
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Background
The increased life expectancy for people with CF is creating a welcome challenge for health care professionals in supporting adolescent patients as they become increasingly responsible for their own medical regimens (Bregnballe, Schiotz, Boisen, Pressler, & Thastum, 2011) . The challenges for CF patients are manifold in independently maintaining their complex and time-consuming daily treatment regimens, involving medication (e.g. pancreatic enzymes, vitamins), physiotherapy and exercise (Barker, Driscoll, Modi, Light, & Quittner, 2012) . Ongoing treatment adherence is a major concern within the CF population (Horne, 2000) ; with Eakin, Bilderback, Boyle, Mogayzel, and Riekert (2011) , demonstrating that poor adherence is a significant predictor of pulmonary exacerbations during a 12-month period. Furthermore, Quittner et al. (2014) indicated through the use of medication progression ratios how adherence to long-term pulmonary medications are significant predictors of subsequent health-care use and costs, with poor adherence being associated with acute health-care. Therefore effort needs to be made to improve treatment adherence within the CF population, by creating an intervention for clinicians to implement to promote adherence, thus improving subsequent health outcomes (Eakin et al., 2011) . In order to create such an intervention, factors associated with adherence need to be more clearly identified.
Research evidence indicates that adherence within CF differs between treatment types, with adherence to physiotherapy and vitamins being lower than adherence to pancreatic enzymes and exercise (Abbott, Dodd, Bilton, & Webb, 1994) . Abbott et al. (1994) suggest that this may be because patients prioritise short-term treatment benefits, with less consideration for long-term benefits. This previous research did not investigate adherence to inhaled therapies (e.g. mucolytics and antibiotics), but it is important to recognise that many patients view inhaled therapies as being distinct from physiotherapy.
There are a number of factors that have been identified in the literature as having an impact on adherence success. Limited positive reinforcement, as health may deteriorate despite adherence efforts (Kettler et al., 2002) , the challenge of fitting complex regimens into daily routine (Horne, Weinman, Barber, Elliot, & Morgan, 2006) , and time pressures have been identified as relevant determinants of adherence.
Much of the focus in research has been around time pressures. McNamara, McCormack, McDonald, Heaf, and Southern (2009) demonstrated that children with CF are more adherent to nebulised therapies in the evenings in comparison to the mornings, suggesting greater time pressures in the mornings (for both parents and children) (Latchford, Duff, Quinn, Conway, & Conner, 2009; McNamara et al., 2009) . This is supported by Bregnballe et al. 's work (2011) , with 60.00% of CF adolescents agreeing that one of the main adherence barriers is a lack of time. Ball et al. (2013) examined weekday/weekend and term-time/holiday adherence to nebulised therapies in adolescents with CF over an academic year. Within this research adherence was shown to be higher during weekdays in comparison to weekends, and during term times in comparison to holidays, demonstrating the importance of integrating CF care into "structured, daily family schedules, which act to contain treatments" (Horne et al., 2006) . Ball et al. 's (2013) findings may not be replicated in an adult CF population, as there may be discrepancies between the time pressures experienced by adult and paediatric patients.
Research investigating adherence within CF has identified the roles of anxiety, depression and disease severity as predictors of adherence. Kettler et al. (2002) suggest that an increase in disease severity may be associated with a decrease in adherence. However, Abbott et al. (1994) found no association between disease severity and adherence in an earlier study, and this was confirmed by Daniels et al. (2011) using electronic monitoring data. A concomitant increase in psychological distress may also account for a reduction in adherence (Kilbourne, 2005; Sundbom & Bingefors, 2013) . Hillard, Eakin, Borrelli, Green, and Riekert (2014) concluded that higher depressive symptoms within CF patients are associated with less positive medication beliefs, which is associated with lower medication adherence, demonstrating the need to monitor depressive symptoms within CF patients to help identify risks for non-adherence. In contrast, research has suggested that people with CF who have concerns and anxieties about their health are motivated to adhere to their treatments, with such concerns surrounding CF's life-threatening status, and the uncertain future this brings, with some people describing how health deterioration can exacerbate their concerns (Keyte et al., 2017) . Backström-Eriksson, Sorjonen, Bergsten-Brucefors, Hjelte, and Melin (2015) suggested that there is no elevated risk for anxiety or depression amongst CF patients.
Sex differences in adherence have also been demonstrated to be important within the CF population (Abbott, Havermans, & Hart, 2009) , with female adolescents with CF displaying more non-adherent behaviours and attitudes than male adolescents with CF (Patterson, Wall, Berge, & Milla, 2008) . These differences were most evident for behaviours that were visible to peers (embarrassment about coughing, skipping medications), which could contribute to self-consciousness (Patterson et al., 2008) .
Despite advances in the understanding of factors that potentially predict adherence, adherence within CF is still poorly understood. Adherence rates vary across studies, due to the variety of different methodologies used and the limitations of these methodologies (Kettler et al., 2002) . As self-reported measures often inflate rates of adherence, there is a need to investigate methodologies that are accurate and reliable O'Donohoe & Fullen, 2014) . Electronic data collection methods, for instance nebulisers which directly record adherence to nebulised treatment (Daniels et al., 2011) , are the "gold standard", but this technology cannot currently be used to assess adherence to tablet treatments and chest physiotherapy. One methodology which attempts to address some of these limitations is the Daily Phone Diary (DPD). found that DPDs did not inflate rates of adherence (in contrast to self-report measures), and that the DPD methodology provides a more objective measure of adherence for certain treatment modalities, in comparison to self-report measures. Several adherence studies have utilised DPDs, with researchers concluding that this method demonstrates good reliability and validity when recording adherence within CF Quittner & Espelage, 1999) .
This study aimed to investigate how adherence to pancreatic enzymes, vitamins, physiotherapy and exercise differs for CF adults during a weekday and a weekend day by examining the roles of sex, anxiety, depression, and lung function as predictors of adherence. Adherence was measured utilising the DPD methodology. It was hypothesised that reported adherence would be higher during the weekend in comparison to weekdays, due to it being expected that the time pressures are less for adults during the weekend (Bregnballe et al., 2011; McNamara et al., 2009; Latchford et al., 2009 ).
ParticiPants and Procedure

Study deSign
A within-participants design was utilised to compare the adherence of individuals with CF during the weekend in comparison to weekdays.
RecRuitment
Fifty-two participants (27 females, 25 males), who were all adult patients aged 18-54 years (M = 29.59 years, SD = 10.01) were recruited at the West Midlands Adult Cystic Fibrosis Centre. Eligibility criteria included: 1) having the capacity to decide upon one's participation (identified by the patient's consultant) 2) being an outpatient 3) English speaking. Opportunity sampling was utilised by inviting patients attending clinics to participate in this study. In total, 71 patients were approached and invited to participate; 19 patients refused participation. Patients gave a variety of reasons for not participating, which included time restrictions, negative affect and phone calls not being suitable. Once informed consent had been established, participants completed the Hospital Anxiety and Depression Scale (HADS) (Sundbom & Bingefors, 2013) during clinic time. The participant was then contacted on two days (one weekend day and one weekday within the next week) via telephone by the researcher, recording the number of treatments performed (physiotherapy, pancreatic enzymes, vitamins and exercise), in comparison to the number of prescribed treatments, to collect their adherence percentage.
the hoSpital anxiety and depReSSion Scale
The HADS (Zigmond & Snaith, 1983 ) is a well-established and well-validated screening tool, which is short and easy to administer (Backström-Eriksson et al., 2015) . It is a fourteen item questionnaire which measures symptoms of emotional distress whilst excluding symptoms which would have derived from a physical disorder (Backström-Eriksson et al., 2015) . The questionnaire has two separate scales, one assessing for anxiety, the other assessing for depression, with both scales having good psychometric properties (mean Cronbach's α for the anxiety subscale was .83 and for the depression subscale was .82) (Bjelland, Dahl, Haug, & Neckelmann, 2002) . The anxiety and depression scales each have seven questions. Participants have to indicate the extent to which they do or do not perform that task, or feel how described in each statement on a four-point Likert scale, which ranges from 0 (not at all) to 3 (most of the time). Scores for each scale are categorised as normal (0-7), mild (8-10), moderate (11-14) and severe (15-21) (Snaith & Zigmond, 2012) . In order to analyse the data a median split was used to separate the groups into "high levels of anxiety", "low levels of anxiety", and "high levels of depression", "low levels of depression".
daily phone diaRy
The DPD methodology uses a day reconstruction method (Kahneman, Krueger, Schkade, Schwarz, & Stone, 2004) attempting to reduce memory and recall issues which are associated with questionnaires . The cued recall procedure used within this method (asking participants to report all activities that have occurred within the past twenty-four hours) is believed to result in an increase in participants reporting actual behaviours, rather than estimates . Previous research has shown that the DPD methodology reduces the occurrence of memory decay and decreases the likelihood of social desirability bias, as it is difficult Weekend/weekday daily treatment adherence in adults with cystic fibrosis 149 volume 6(2), 8
for participants to report an activity which did not happen when they are tracked through twenty-four hours (Quittner, Modi, Lemanek, Ievers-Landis, & Rapoff, 2008) . Quittner, DiGirolamo, Michel, and Eigen (1992) reported that within a CF population the DPD methodology "yielded reliable stability coefficients over a three week period (r values = .61-.71, p = .010) along with high levels of inter-rater reliability (> 90.00%)" (Modi & Quittner, 2006, p. 6) . DPDs can also identify barriers to adherence, due to participants recording all activities they have engaged in, not just their medical regimens (Quittner et al., 2008) . Finally, it is reported that DPDs are an unobtrusive adherence measure, with patients often forgetting that medical regimens are the focus of the report, as all activities during a twenty-four hour period are recorded .
The DPDs were used to collect data on participants' adherence to their medical regimens. Cystic fibrosis daily medical regimens vary amongst patients; therefore the researcher reordered each participant's prescribed daily regimens for pancreatic enzymes, vitamins, chest physiotherapy and exercise (see Table 1 ). The researcher utilised patients' hospital records for the description of what was prescribed or recommended by their clinicians for each of the four treatment types. Despite CF patients having to adhere to a range of other important treatments, this research only investigated adherence to the four treatment types investigated by Abbott et al. (1994) in order to emulate this research using a DPD rather than questionnaires to measure adherence. The DPDs tracked participants through the activities they engaged in over the past twenty-four hours to record their adherence to pancreatic enzymes, vitamins, physiotherapy and exercise, by using a day reconstruction method (Kahneman et al., 2004) , accompanied by a cued recall procedure. The phone calls were initiated by the researcher, who assisted the participant in accurately reconstructing their day by providing prompts ) (see Table 2 ). Each activity was recorded by the researcher on a computer, using Windows FileMaker, indicating a twenty-four hour day. Participants completed two DPDs (one weekday and one weekend day with a maximum five-day interval between DPDs), each requiring a maximum of twenty minutes to complete. It was not expected that participants would experience a sick period during these two time periods due to being recruited at their CF outpatient appointment after their health status had been assessed. The aims of the research were not disclosed to participants, so they were not aware that the research was comparing weekday and weekend adherence; however, they were aware that the research was investigating rates of adherence amongst CF patients. An adherence percentage was calculated for each participant to illustrate their overall adherence, and their adherence to each medical regimen (see Table 3 ). Due to adherence within CF being predominantly patient led, it was possible for adherence percentages to be above 100.00%, indicating that patients had engaged in that medical regimen more than recommended; it was only expected that this would happen for physiotherapy (in response to health deteriorations), and exercise. Medical records were used to record participants' demographics, most recent spirometry result (forced expiratory volume in one second as percentage of predicted, FEV 1 % predicted), comorbidities and medications. In order to analyse the data indicating disease severity a median split was used to separate the groups into "high lung function" and "low lung function". Participants' lung function was recorded by their health care professionals as part of their clinic appointment to provide an indication of their pulmonary function.
StatiStical analySiS
Due to the small sample size, paired-sample t-tests were carried out using SPSS 21.0 for Windows.
ethical appRoval
All procedures performed within this research was in accordance with the ethical standards of the national research committee. Ethical approval was granted by NRES Committee East Midlands -Derby. Informed consent was obtained from all individual participants included in the study.
results deScRiptive StatiSticS
Participants reported adhering most to exercise, followed by pancreatic enzymes, vitamins, and physiotherapy. The majority of participants did not show evidence of anxiety or depression (0-7 = normal) (see Table 4 ).
Weekend/Weekday compaRiSon in adheRence
There was a significant difference in the scores for the weekday physiotherapy and the weekend physiotherapy conditions, with participants having higher reported adherence to physiotherapy during the weekend in comparison to weekdays. Adherence to weekend exercise was also reported to be signifi- • After any mention of food/meals the interviewer will ask: "And how many pancreatic enzymes did you take with that?" • If there is no mention of vitamins, at the end of the interview the interviewer will say "Have you taken any vitamin tablets during the past twenty-four hours?" Reply; Interviewer "And how many of these tablets did you take?" END: Interviewer: Thank you for your time to complete this phone diary. The information you have disclosed to me is clear; I have no further questions to ask you. Are there any questions you would like to ask me? Table 3 How participants' adherence percentages were calculated How to record adherence percentages Number of treatments performed that day/number prescribed X 100 = % adherence for that day Overall adherence % = (physiotherapy % adherence + exercise % adherence + pancreatic enzymes % adherence + vitamins % adherence)/4
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cantly higher than weekday exercise. There was no significant difference between weekday and weekend adherence to pancreatic enzymes and vitamins, but when combining all of the data, there was overall better adherence to treatments on weekend days compared to weekdays (see Table 5 ). Multivariate ANOVA revealed a statistically significant different in adherence to exercise during the weekdays in comparison to adherence during the weekend, F(92, 90) = 2.02, p < .001; Wilks' Λ = .012, partial η 2 = .67. Analysis of each individual dependent variable, using a Bonferroni adjusted α level of .02, showed that there was a significant difference for anxiety F(23, 25) = 2.47, p = .015, partial η 2 = .69, and for depression F(23, 25) = 2.43, p = .016, partial η 2 = .69.
Sex diffeRenceS betWeen cyStic fibRoSiS patientS' adheRence
There was a significant difference for female participants in the scores for the weekday exercise and the weekend exercise conditions, with female participants having higher reported adherence to exercise during the weekend in comparison to weekdays. There was no significant difference between weekday and weekend adherence to physiotherapy, pancreatic enzymes or vitamins for females with CF, but when combining all of the data for female participants, there was overall better adherence to treatments on weekend days compared to weekdays (see Table 6 ). In addition, when combining all of the data for male participants, there was no overall difference in adherence to treatments during the weekend in comparison to weekdays (see Table 6 ).
anxiety and adheRence
There was a significant difference for participants with low levels of anxiety in the scores for the weekday vitamin and weekend vitamin conditions, with participants having higher reported adherence to vitamins during the weekdays in comparison to weekends. There was no significant difference between weekday and weekend adherence to physiotherapy, exercise or pancreatic enzymes for participants with low levels of anxiety (see Table 7 ). In addition, there was a significant difference for participants with high levels of anxiety in the scores for the weekday exercise and weekend exercise conditions, with participants having higher reported adherence to exercise during the weekend in comparison to weekdays. There was no significant difference between weekday and weekend adherence to physiotherapy, pancreatic enzymes or vitamins for participants with high levels of anxiety, but when combining all of the data for participants with high levels of anxiety, there was overall better adherence to treatments at weekends compared to weekdays (see Table 7 ).
depReSSion and adheRence
There was a significant difference for participants with high levels of depression in the scores for the 152 health psychology report weekday physiotherapy and weekend physiotherapy conditions, with participants having higher reported adherence to physiotherapy during the weekend in comparison to weekdays. There was no significant difference between weekday and weekend adherence to exercise, pancreatic enzymes or vitamins for participants with high levels of depression, but when combining all of the data for participants with high levels of depression, there was overall better adherence to treatments at weekends compared to weekdays (see Table 8 ).
fev 1 and adheRence
There was a significant difference for participants with a low lung function in the scores for the weekday exercise and weekend exercise con- ditions, with participants having higher reported adherence to exercise on weekend days compared to weekdays. There was no significant difference between weekday and weekend adherence to physiotherapy, pancreatic enzymes or vitamins for participants with a low lung function, but when combining all of the data for participants with a low lung function, there was overall better adherence to treatments on weekend days compared to weekdays (see Table 9 ). discussion This research shows that CF patients have higher reported adherence during the weekend in comparison to weekdays; therefore the hypothesis was supported. The use of the DPD methodology overcomes some limitations of other methodologies, which enhances the reliability of the findings. This weekend/weekday difference in adherence was most prevalent within female CF patients, with 154 health psychology report sex, anxiety, depression and lung function being predictors of adherence. This research therefore supports previous work in indicating that an increase in disease severity has an impact on adherence within CF patients (Kettler et al., 2002) , as does the occurrence of anxiety and/or depression (Hillard et al., 2014) .
In the current research, overall adherence rates were higher than expected (83.80%) in comparison to previous research which has documented that adherence within CF varies in the range 50.00-70.00% (Abbott et al., 1994; McNamara et al., 2009 ). However, the overall adherence in the current research could have been influenced by social desirability bias, which if present would have inflated participants' rates of adherence. For instance, the interview approach involved the use of prompts; in particular, if a participant did not mention adherence to vitamin treatments, the researcher would specifically ask whether any vitamins were taken during that day, rather than assuming non-adherence based on the lack of report.
In line with previous research, the results of the current research indicate that adherence differs between treatment types (Abbott et al., 1994; O'Donohoe et al., 2014) . However, in the current research adherence was highest for pancreatic enzymes and vitamins, whereas Abbott et al. (1994) reported that adherence was highest for pancreatic enzymes and exercise. Abbott et al. (1994) hypothesised that adherence was influenced by the short-term benefits of treatment. However, the results from the current research indicate that a patient's adherence may be influenced by the time it takes to complete a particular treatment, with physiotherapy and exercise requiring more time from a patient than pancreatic enzyme and vitamin treatments.
The results of the current research differ from those of Ball et al. (2013) , who found that reported adherence in a cohort of paediatric CF patients was significantly higher on weekdays compared to weekends. Due to the current research using a different method to Ball et al. (2013) in order to record rates of adherence, this difference in findings provides a suggestion for future research, to investigate the adherence relationship between paediatric and adult CF patients using the same method, whether that is the DPD methodology or an objective time and date stamped nebuliser.
It is plausible that adult patients experience difficulty adhering to treatments during the weekdays due to patients experiencing an increase in responsibility for their own medical regimens as they enter adulthood, with parents/guardians no longer having as much control of their treatments. This may result in CF patients finding it more challenging to independently integrate their daily treatments within their weekday lifestyle alongside other life commitments. Bregnballe et al. (2011) support this assertion, indicating that one of the main adherence barriers is a lack of time.
It may also be the case that CF adolescents and adults are consciously choosing to be non-adherent during the weekdays in an attempt to hide their illness from their peers. All patients have illness cognitions to provide themselves with a framework for coping and understanding their illness (Leventhal, Weinman, Leventhal, & Phillips, 2007) ; one cognitive dimension of these beliefs is identity. It is possible that CF patients do not adhere to their medical regimens in front of their peers during the weekdays (e.g. at college/university/work) in order to hide their illness, and this is being further examined by the authors in a follow-up study.
Indeed, an important concept within identity is image, with Yates et al. (2010) suggesting that many chronically ill individuals favour a degree of invisibility towards their illness, allowing them greater normalcy. In terms of CF, patients can often appear to be "physically normal" as CF is a relatively invisible impairment (Tierney, 2012) . However, patients may feel that their illness is on display when they have to engage in medical regimens (e.g. taking tablets in public), and therefore some CF patients may consciously choose to be non-adherent to uphold this sense of invisibility (Withers, 2012) . Bregnballe et al. (2001) indicated that one of the main adherence barriers in CF is unwillingness to take medications in public.
The role of identity could explain why the weekend/weekday difference in adherence was most prevalent in adult female CF patients. Patterson et al. (2008) demonstrated that female adolescents with CF display more non-adherent behaviours in comparison to male adolescents with CF. In particular, females were more likely to experience embarrassment when coughing and taking CF medications. Therefore female CF patients may have lower reported adherence during the weekdays due to their conscious efforts to avoid following their medical regimens in front of their peers (at college/university/work), in order to provide themselves with a normal identity that does not highlight their CF. Further research which demonstrates that female CF patients prefer a sense of invisibility to their illness comes from Higham et al. (2013) . They found that in order to be perceived as normal, many female CF patients hide their illness from their partners, with the majority of female CF patients only disclosing their illness to their partner when they believe their relationship is going to be long-term.
Interestingly, this research found DPDs to be an effective technique in highlighting adherence barriers. These barriers were not recorded in the results of the present study due to this study following a positivist approach; however, these barriers provide a rationale for adherence within CF to be investigated using qualitative measures, to provide an in-depth insight into barriers and enablers to adherence with- in the CF population. For example, one participant disclosed that they were concerned that they were always prescribed the same antibiotics, and they were concerned that their antibiotics were no longer effective. This participant had contacted "Facebook groups" in which CF patients were voicing their concerns that the limited range of antibiotics available to them was resulting in the antibiotics no longer being as effective in treating their lung disease. As patients have become more active in seeking information regarding antibiotic use outside of clinical advice (Harris, Sillence, & Briggs, 2011; Scanfeld, Scanfeld, & Larson, 2010 ) the increasing life expectancy in CF is creating new challenges in successively treating the disease. Patients' concerns may also be exacerbated due to campaigns in the United Kingdom surrounding antibiotic safety. Qualitative research could usefully investigate the impact such campaigns have on people with long-term conditions. Several limitations of this study are acknowledged, each of which suggests important future directions. First, the small sample size was problematic, as it restricted the analyses that could project a high power. In addition, while the researchers acknowledge the methodological limitations of dichotomization and are aware that methodological literature favours the use of regressional methods on undichotomized variables (MacCallum, Zhang, Preacher, & Rucker, 2002) , the latest research indicates that potential loss of information or the possibility of a type I error (MacCallum et al., 2002) is not always true. In fact, Iacobucci et al. (2015) suggested that there could be analytical integrity to dichotomized variables, and that the parsimonious nature of median splits may well be a preferred option. While the arguments and critiques still continue in the field of dichotomising continuous variables (Rucker, McShane, & Preacher, 2015) , and data continue to emerge with the main analyses centring on dichotomized variables, we suggest that future research with larger sample sizes from multiple CF sites are required to support current findings.
Other potential limitations may relate to the underestimation of how many CF patients experience psychological distress (in particular depression), as some research indicates that the HADS is potentially insensitive as it does not detect as many cases of depression as the Patient Health Questionnaire (PHQ-9) (Hansson, Nordstom, & Bodlund, 2009 ). The researcher did not have any prior knowledge regarding participants' psychological health. Whilst it is acknowledged that individuals suffering from depression are less likely to participate in research, only three out of the nineteen patients who refused participation explained that this was due to a negative affect. Also, the time pressure was taken as given, based on previous findings, but may well relate to other psychosocial factors such as employment status and other family commitments (e.g., Taylor-Robinson, Smyth, Diggle, & Whitehead, 2013) , which should be explored in future research. In addition, whilst this research aimed to emulate that of Abbott et al. (1994) in investigating how adherence differs between pancreatic enzymes, vitamins, physiotherapy and exercise, the fact that this research did not investigate adherence to respiratory medications is a limitation, with further research being required to investigate how adherence to respiratory medications varies during the weekend and weekdays.
To advance the current research and investigate more fully the changes in adherence patterns during the transition from paediatric to adult care, qualitative research is required. We are therefore in the process of conducting qualitative interviews with CF patients to investigate the relationship between health beliefs and health behaviours within the CF population, which will increase understanding of why some patients have poor adherence to their medical regimens, especially during the weekdays. Personal identity, levels of acceptance and managing CF as an adult are some of the themes currently being explored. The results of this research will identify specific personal barriers to adherence and inform interventions aimed at reducing these barriers and improve treatment adherence within the CF population.
